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Abstract: There is a high prevalence of comorbidities among patients with chronic obstructive
pulmonary disease (COPD). Comorbidities are likely common in patients with any COPD degree and
are associated with increased mortality. The aim of this study was to determine the prevalence of
thirty-one different COPD comorbidities and to evaluate the association between physical activity
(PA) levels in people with COPD residing in Spain. Cross-sectional data from the Spanish National
Health Survey 2017 were analysed. A total of 601 adults (52.2% females) with COPD aged 15 to
69 participated in this study. PA (exposure) was measured with the International Physical Activity
Questionnaire (IPAQ) short form and comorbidities (outcomes) were self-reported in response to the
question “Have you ever been diagnosed with . . . ?” Multivariable logistic regression, in three different
models, was used to assess this association. Results showed a high prevalence of comorbidities (94%),
these being chronic lumbar back pain (38.9%), chronic allergy (34.8%), arthrosis (34.1%), chronic
cervical back pain (33.3%), asthma (32.9%) and hypertension (32.8%) the most prevalent. Low PA
level was significantly associated with urinary incontinence (2.115[1.213–3.689]), chronic constipation
(1.970[1.119–3.459]), cataracts (1.840[1.074–3.153]), chronic anxiety (1.508[1.002–2.269]) and chronic
lumbar back pain (1.489[1.044–2.125]). Therefore, people with COPD should increase their PA levels
in order to reduce their risk of comorbidities and increase their quality of life.
Keywords: lung disease; physical exercise; prevalence; adults
1. Introduction
COPD (chronic obstructive pulmonary disease) is an important challenge for public health.
Its increasing prevalence, high morbidity and socioeconomic burden are some examples of its
importance [1]. Moreover, a large body of literature shows that COPD is associated with a decline
in a patient’s quality of life [2]. COPD is the fourth largest cause of global death [3,4] and will become the
third by 2020. In 2012, greater than three million people died because of COPD (6% of all global mortality).
In Spain, the prevalence of COPD in people aged 40 to 80 was found to be 10.2%, being higher
in men (15.1%) than in women (5.7%). [5]. This study used the definition of COPD proposed by the
GOLD criteria, where the ratio between forced expiratory volume in the first second (FEV1) and
forced vital capacity (FVC) is less than 0.70 post-bronchodilator. Considering these findings, it was
extrapolated that 2,185,764 people in Spain suffer from COPD [6]. A total of 10% of primary care
consultations, 40% of pneumonology consultations and 7% of Spanish annual hospitalizations are
due to COPD. Moreover, in people with COPD comorbidities, the most prevalent comorbidities are
cardiovascular, metabolic, musculoskeletal and psychological comorbidities [7]. The presence of
Int. J. Environ. Res. Public Health 2020, 17, 594; doi:10.3390/ijerph17020594 www.mdpi.com/journal/ijerph
Int. J. Environ. Res. Public Health 2020, 17, 594 2 of 10
comorbidities likely drives the high hospitalization rate [8]. In order to reduce the economic burden of
COPD, such comorbidities should be prevented. Comorbidities can occur in patients with any degree
of COPD and they are associated with increased mortality [9]. The presence of comorbidities between
patients with COPD is high. It was found that 80% of COPD patients had at least one comorbidity [10].
However, generally multiple comorbidities coexist. In 2009, Barr et al. found an average of nine
comorbidities in COPD patients [11].
Regular and sustained participation in physical activity (PA) aids in the prevention of several
chronic diseases, in relation to both primary and secondary prevention. Indeed, secondary prevention
is particularly important for those with COPD [12,13].
PA is limited by COPD [14,15], even in early stages [16,17]. This is related to a high risk of
hospitalization and readmission [18] and even death [19,20]. However, this limitation in levels of PA in
patients with COPD is not only conditioned by respiratory functional impairment. There are other
determinants that affect patients’ PA levels like age, dyspnoea, hyperinflation and peripheral muscle
weakness [21]. Furthermore, PA level was found to be impaired by the presence of comorbidities
independent of the degree of airflow limitation and of the type of comorbidity [10,22].
Nonetheless, participation in regular PA is associated with a better quality of life [23–25] and fewer
morbidities in people with COPD [18,26]. In a prospective Spanish cohort study carried out in Barcelona,
people with COPD who walked for at least one hour per day had a lower risk of hospitalization by
COPD exacerbation [24]. Recently, another prospective observational study showed improvements in
both the number of exacerbations and the quality of life in COPD patients participating in a walking
program [23]. Despite this, a scarce body of literature on people with COPD shows a tendency towards
a sedentary lifestyle [27,28].
Thus, it could be hypothesized that people with COPD who practise less PA have an increased
risk of developing comorbidities than people with COPD who practise more PA. Therefore, the aim of
this study was to determine the prevalence of COPD comorbidities and to evaluate the association
between PA level and the risk of comorbidities in people with COPD residing in Spain in order to
inform the promotion of PA in the treatment and prevention of COPD.
2. Materials and Methods
2.1. Study Design
The present study is of a cross-sectional design written following the STROBE checklist (https:
//www.strobe-statement.org) [29].
2.2. The Survey
Data from the Spanish National Health Survey 2017 were analysed. This survey was undertaken
in Spain between October 2016 and October 2017. Details of the survey method have been published
elsewhere [30]. In brief, for the data collection, a stratified three-stage sampling was used in which the
census sections were first considered, then the family dwellings and then an adult (15 years or more)
was selected within each dwelling. The dwellings were selected by systematic sampling and to select
the person who completed the Adult Questionnaire, the random Kish method was used. The method
of data collection used was computer-assisted personal interviewing (CAPI), conducted in the homes
of the selected participants. The interviewers, previously trained, completed the questionnaires with
the information provided by the participants. All participants signed an informed consent form before
responding to survey questions. The present study was conducted in accordance with the Declaration
of Helsinki of 1961 (revised in Tokyo in 1989 and in Edinburgh in 2000).
2.3. Participants
A total of 601 adults with COPD residing in Spain (314 women and 287 men) were included
in the present analyses. To be included adults aged between 15 and 69 years needed to provide an
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affirmative response to the question “Have you ever been diagnosed with COPD?”. Those adults older
than 69 years were not considered, since they did not complete the International Physical Activity
Questionnaire (IPAQ) short form. This instrument was primarily designed for population surveillance
of PA among adults and it has been developed and tested for use in adults (age range of 15–69 years)
and until further development and testing is undertaken the use of IPAQ with older and younger age
groups is not recommended [31].
2.4. Physical Activity (Exposure)
IPAQ short form was used to measure PA. Total PA MET·min/week were calculated through
the following formula: Sum of Walking + Moderate + Vigorous MET·min/week scores. Participants
were divided in two categories according to the guidelines for data processing and analysis of the
IPAQ [31]: (1) Fewer than 600 MET·min/week and (2) at least 600 MET·min/week, equivalent to meeting
current PA recommendations. IPAQ has been validated in adult populations from different countries
showing acceptable validity (ρ = 0.30, 95% CI: 0.23–0.36) and reliability (Spearman’s ρ = 0.81, 95% CI:
0.79–0.82) [32]. IPAQ short form has also been validated in the Spanish adult population showing a
moderate correlation for total amount of PA (r = 0.277; p < 0.05) with 75% of sensibility and specificity
(k = 0.33) [33].
2.5. Comorbidities (Outcomes)
A total of 31 comorbidities available in the Spanish National Survey 2017 were considered. Those
who answered affirmatively to the question “have you ever been diagnosed with . . . (each comorbidity
studied)?” were considered to have that comorbidity. Moreover, the vast majority of the studied
diseases were considered in previous literature as COPD comorbidities [7,10,34,35].
Comorbidities were classified in 13 different groups according to the international classification
of the diseases (ICD): Cardiovascular diseases, musculoskeletal disorders, immunological disease,
respiratory disease, digestive problems, urogenital diseases, eye problems, dermatological problems,
mental health problems, neurological disorder, neoplasias, endocrinal and metabolic diseases and
permanent injuries [36].
2.6. Covariates
The selection of the control variables was based on past literature [37,38]. Sociodemographic
variables included age, sex, education and marital status. Education level was based on the highest
educational level achieved and was categorized as≤primary, secondary and≥tertiary. Marital status was
categorised as married or not married (single/widow/divorced/separated). The following variables were
also included as covariates: Smoking habits, alcohol consumption and body mass index (BMI). Smoking
habit was classified into three groups: Never, former and current smoker. Alcohol consumption was
treated as a dichotomous variable: Yes or no. Height and weight were self-reported and used to
calculate BMI as weight in kilograms divided by height in meters squared. Obesity was defined as
BMI ≥ 30 kg/m2. The presence of other comorbidities was also treated as a dichotomous variable:
Yes (if they had one or more comorbidities) and no (if they had no comorbidities). For medication intake
twenty-three different medicaments were considered: Flu/cold medication, pain medication, fever
medication, vitamins/minerals/tonics, laxatives, antibiotics, sedatives, allergy medication, diarrhoea
medication, rheumatism medication, heart medication, blood pressure medication, digestive problems
medication, antidepressants, contraceptive pill, menopausal hormones, slimming medicines, cholesterol
medication, diabetes medication, thyroid medication, naturist products and other. This variable was
also treated as a dichotomous variable: Yes (if they had taken at least one of this medicines in the last
two weeks) and no (if they had not taken any medicine in the last two weeks).
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2.7. Statistical Analysis
Descriptive statistics were used to describe sample characteristics. Frequency and percentage
were used for categorical variables (sex, education level, marital status, smoking habits, alcohol
consumption, obesity, presence of comorbidities and PA) and mean and standard deviation (SD) were
used for continuous variables (age). To describe the prevalence of each comorbidity and group of
comorbidities descriptive statistics were used. Significant differences in sample characteristics between
groups were examined using chi squared tests.
Multivariable logistic regression analyses were used to assess the association between PA (exposure)
and comorbidities (outcomes). The analyses were carried out in three different models. The first model
was not adjusted; the second model was adjusted for age, sex, education, marital status, smoking,
alcohol consumption and obesity; and the third model was adjusted for the same variables as model
two and also for the variables “presence of other comorbidities” and “medication intake”. COPD
comorbidities that were significantly associated with PA in model 1 were also analysed in model 2
and COPD comorbidities that were significantly associated with PA in model 2 were also analysed in
model 3. All variables were included in the models as categorical variables with the exception of age,
which was included as a continuous variable. There were no missing data. Results from the logistic
regression analyses are presented as odds ratios (OR) with 95% confidence intervals (CI).
Statistical significance was set at p < 0.05. Analyses were carried out with the Statistical Package
for Social Sciences (SPSS version 23, IBM, Armonk, New York, USA).
3. Results
The sample consisted of 601 adults with COPD residing in Spain. The age range of the sample
was 15–69 years, with an average (SD) of 52.8 (14.1) years. A total of 52.2% were women and 47.8%
were men. The prevalence of people doing less than 600 MET·min/week was 37.1%. A total of 94% of
the people with COPD had comorbidities. An average of six comorbidities at the same time was found.
Sample characteristics are shown in Table 1.
Table 1. Sample characteristics.
Characteristic Category n % p
Sex Men 287 47.8
0.271Women 314 52.2
Education ≤Primary 197 32.8
0.006 *Secondary 170 28.3
≥Tertiary 234 38.9
Marital Status Married 402 66.9
<0.001 *Not Married 199 33.1
Smoking Current 202 33.6
0.979Former 201 33.4
Never 198 32.9
Alcohol Yes 395 65.7
<0.001 *No 206 34.3
Obesity No 433 72.0
<0.001 *Yes (≥30) 168 28.0
Comorbidities Yes 565 94.0
<0.001 *No 36 6.0
Medication
Yes 527 87.7
<0.001 *No 74 12.3
PA <600 MET·min/week 223 37.1
<0.001 *≥600 MET·min/week 378 62.9
n: Sample size; %: Percentage; p-values were based on chi-squared tests. * p < 0.05.
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The differences between groups were significant for education, marital status, alcohol, obesity,
presence of comorbidities, medication intake and PA.
Overall, the prevalence of comorbidities among those with COPD are shown in Table 2. Chronic
lumbar pain, chronic allergy, arthrosis, chronic cervical pain, asthma and hypertension were the
comorbidities with higher incidence, all of them with more than 30%. Considering ICD classification
56.2% of COPD patients suffered from musculoskeletal disorders, followed by cardiovascular diseases
(48.8%) and endocrinal and metabolic diseases (40.8%).
Table 2. Prevalence of comorbidities in people with COPD.
Comorbidities n % %
Cardiovascular
diseases
Hypertension 197 32.8
48.8
Myocardial infarction 18 3.0
Angina, Coronary HD 26 4.3
Other HD 61 10.1
Stroke 18 3.0
Varicose veins (legs) 106 17.6
Musculoskeletal
disorders
Arthrosis 205 34.1
43.8
CBP cervical 200 33.3
CBP lumbar 234 38.9
Osteoporosis 59 9.8
Immunological
disease Chronic allergy 209 34.8 34.8
Respiratory disease Asthma 198 32.9 32.9
Digestive problems
Liver dysfunction 27 4.5
29.8
Stomach/duodenal ulcer 62 10.3
Chronic constipation 58 9.7
Haemorrhoids 96 16.0
Urogenital diseases
Urinary incontinence 66 11.0
25.3
Kidney problems 56 9.3
Prostate problems (men) 34 5.7
Menopausal problems (women) 42 13.4
Eye problems Cataracts 78 13.0 13.0
Dermatological
problems Chronic skin problems 83 13.8 13.8
Mental health
problems
Depression 168 28.0
34.4Chronic anxiety 134 22.3
Other mental problems 18 3.0
Neurological
disorder Migraine 145 24.1
Neoplasias Malignant tumors 62 10.3 10.3
Endocrinal and
metabolic diseases
Thyroid problems 56 9.3
40.8Diabetes 99 16.5
High cholesterol 184 30.6
Permanent injuries (accident) 34 11.8 11.8
n: Sample size; %: Percentage.
Associations between PA and the studied COPD comorbidities (Table 3) show that, when
models were adjusted for sex, age, education level, marital status, smoking, alcohol consumption and
obesity, less than 600 MET min/week of PA was associated with significantly higher odds for urinary
incontinence (OR = 2.179; 95% CI = 1.251–3.796), chronic constipation (OR: 2.023; 95% CI = 1.150–3.558),
cataracts (OR = 1.918; 95%CI = 1.122–3.279) and osteoporosis (OR = 1.713; 95% IC = 0.958–3.064).
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Chronic lumbar pain, depression and chronic anxiety showed significant odds too. However, when
models were adjusted considering also the presence of comorbidities and the medication intake, PA
was significantly associated only with urinary incontinence, chronic constipation, cataracts, chronic
lumbar pain and chronic anxiety. When models were not adjusted, myocardial infarction had one of
the highest odds, but it was not significant (OR = 2.171; 95% CI = 0.844–5.586).
Table 3. Association of physical activity (PA) and chronic obstructive pulmonary disease (COPD)
comorbidities (outcome) estimated by multivariable logistic regression.
Comorbidities OR 1 CI 95%1 p1 OR 2 CI 95% 2 p2 OR 3 CI 95% 3 p3
Hypertension 0.935 [0.638–1.370] 0.729 - - - - - -
Myocardial infarction 2.171 [0.844–5.586] 0.108 - - - - - -
Angina, Coronary HD 0.893 [0.391–2.039] 0.788 - - - - - -
Other HD 1.616 [0.949–2.752] 0.077 - - - - - -
Stroke 1.801 [0.413–2.831] 0.874 - - - - - -
Diabetes 1.594 [1.031–2.463] 0.036 * 1.347 [0.844–2.149] 0.212 - - -
High cholesterol 1.060 [0.741–1.516] 0.752 - - - - - -
Varicose veins (legs) 0.936 [0.605–1.449] 0.768 - - - - - -
Hemorrhoids 1.323 [0.849–2.061] 0.216 - - - - - -
Arthrosis 1.548 [1.095–2.187] 0.013 * 1.230 [0.832–1.816] 0.299 - - -
CBP cervical 1.365 [0.964–1.933] 0.080 - - - - - -
CBP lumbar 1.718 [1.225–2.409] 0.002 * 1.553 [1.09–2.204] 0.014 * 1.489 [1.044–2.125] 0.028 *
Osteoporosis 1.871 [1.090–3.210] 0.023 * 1.713 [0.958–3.064] 0.069 - - -
Chronic allergy 0.894 [0.630–1.268] 0.529 - - - - - -
Asthma 0.923 [0.648–1.315] 0.658 - - - - - -
Liver dysfunction 1.881 [0.867–4.078] 0.110 - - - - - -
Stomach/duodenal ulcer 1.6181 [0.991–2.851] 0.054 - - - - - -
Chronic constipation 2.268 [1.313–3.918] 0.003 * 2.023 [1.150–3.558] 0.015 * 1.970 [1.119–3.469] 0.019 *
Urinary incontinence 2.568 [1.527–4.317] 0.000 * 2.179 [1.251–3.796] 0.006 * 2.115 [1.213–3.689] 0.008 *
Kidney problems 1.531 [0.880–2.663] 0.132 - - - - - -
Cataracts 1.842 [1.141–2.974] 0.012 * 1.918 [1.122–3.279] 0.017* 1.840 [1.074–3.153] 0.026 *
Chronic skin problems 0.897 [0.552–1.457] 0.660 - - - - - -
Depression 1.721 [1.197–2.475] 0.003 * 1.494 [1.017–2.194] 0.041 * 1.443 [0.980–2.126] 0.063
Chronic anxiety 1.703 [1.153–2.513] 0.007 * 1.556 [1.036–2.336] 0.033 * 1.508 [1.002–2.269] 0.049 *
Other mental problems 1.724 [0.674–4.410] 0.256 - - - - - -
Migraine 1.318 [0.900–1.903] 0.156 - - - - - -
Malignant tumors 1.563 [0.921–2.652] 0.098 - - - - - -
Thyroid problems 0.858 [0.481–1.533] 0.606 - - - - - -
Prostate problems (men) 1.617 [0.782–3.342] 0.195 - - - - - -
Menopausal problems (women) 0.818 [0.416–1.609] 0.561 - - - - - -
Permanent injuries (accident) 0.807 [0.509–1.278] 0.360 - - - - - -
HD: Heart disease; CBP: Chronic back pain; OR: Odd ratio; CI: Confidence interval. * p < 0.05; 1 models not adjusted;
2 models are adjusted for sex, age, education level, marital status, smoking, alcohol consumption and obesity;
3 models are adjusted for sex, age, education level, marital status, smoking, alcohol consumption, obesity, presence
of comorbidities and medication intake.
4. Discussion
To our knowledge, this is the first Spanish representative study investigating associations between
levels of PA and the presence of thirty-one different COPD comorbidities. The results of this study
confirm that low levels of PA are associated with higher risk of comorbidities, specifically, urinary
incontinence, chronic constipation, cataracts, chronic anxiety and CBP lumbar.
The prevalence of comorbidities in the present study was high, with CBP lumbar (38.9%), chronic
allergy (34.8%), arthrosis (34.1%), CBP cervical (33.3%), asthma (32.9%) and hypertension (32.8%) having
the highest prevalence. In other countries, hypertension was found to be the most prevalent comorbidity
at 48% and 55%, in Swiss and New York COPD patients, respectively [10,11]. Another study carried out in
Hungarian COPD patients showed higher prevalence of hypertension (57%), coronary artery disease (21%)
and diabetes (12%) [39]. The higher prevalence of the comorbidity hypertension in Switzerland, Hungary
and America compared to Spain is likely owing to the antihypertensive effect of the Mediterranean diet
that is consumed in Spain. The high prevalence of comorbidities in Spanish COPD patients observed in
the present study is worrisome when considering the profound implications this will have on patients’
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quality of life, health care management and health care expenditure. Interventions are urgently required
to prevent and manage/reduce comorbidities in this population.
To the best of the authors’ knowledge only one other study has investigated associations between
levels of PA and the presence of comorbidities among those with COPD [40]. This study aimed to
evaluate longitudinal associations between PA and risk of seven categories (cardiovascular, neurological,
endocrine, musculoskeletal, malignant, infectious and mental disorders) in 409 COPD patients from
the Netherlands and Switzerland. The study suggests that those with high PA levels are less likely to
develop depression or anxiety is [40]. That concurs with the present study, where it was also found
that lower levels of PA are significantly associated with higher risk of depression and chronic anxiety.
Multivariable logistic regression showed that in the present study performing fewer than
600 MET·min/week was associated with 110.6% increased odds of urinary incontinence, 97.2% of
chronic constipation, 82.5% of cataracts, 50.8% of chronic anxiety and 48.7% of CBP lumbar. The risk
of developing these comorbidities in COPD patients is higher when compared with other studies in
healthy populations. A longitudinal study showed that older women performing 6.2 MET·h/week or
less was associated with 4% increased risk of urinary incontinence (OR = 1.04 CI 95% = 0.92–1.18) [41].
In a randomized controlled trial follow-up during 12 weeks, it was found that PA improved defecation
pattern in middle-aged inactive subjects, reducing Rome criteria for constipation by 37% [42]. In relation
to cataracts, a recent study, has shown that performing fewer than 600 MET·min/week of PA was
associated with 57.9% increased odds of cataracts in older adults [43]. In a systematic review and
meta-analysis, it was found that when cohort studies were considered, people who practiced a medium
level of PA had a 10% lower risk of CBP lumbar (p = 0.0009). When cross-sectional studies were
considered, the association suggested 7% decreased odds, but it was not significant (p = 0.68) [44].
The main strengths of this study were the large representative sample of COPD people residing in
Spain and the use of a validated, reliable and internationally recognised questionnaire to measure PA.
Nevertheless, the results of this study should be considered within its limitations. Spanish adults aged
over 70 were not considered, as IPAQ short form is designed for the age range of 15–69 years and this
questionnaire only considered PA in the last seven days, so it is not possible to analyse the accumulative
effect of PA. Assessments of COPD and comorbidities were self-reported and thus bias was potentially
introduced into the analyses. COPD prevalence is higher in men and older people; this may be owing to
the accumulative effect of other risk factors to which individuals have been exposed. Tobacco smoking
and other types of smoke coming from air pollution or biomass fuel constitute especially important
COPD risk factors [1]. Recently, it was shown that outdoor air pollutants, like particulate matter and
NO2 were associated with a more rapid lung function decline, increasing COPD prevalence [45,46].
However, external air-borne hazard and also lung function exacerbation history, were not measured in
the survey and therefore could not be adjusted for. Moreover, it is a cross-sectional analysis, so the
direction of the association is not known. Therefore, future longitudinal studies are needed to clarify
the direction and evaluate also the accumulative effect of PA, lung function, exacerbation and airborne
hazards, for example from the mineral fibre atlas [47].
5. Conclusions
In conclusion, nine of ten COPD patients residing in Spain present comorbidities, with CBP lumbar,
chronic allergy, arthrosis, CBP cervical, asthma and hypertension being the most prevalent. A lower
level of PA was significantly associated with a higher risk of urinary incontinence, chronic constipation,
cataracts, chronic anxiety and CBP lumbar. While the interaction of COPD with PA is not simple straight
forward behaviour but an interactive process, it is recommendable for people with COPD to increase their
PA levels in an attempt to reduce risk of comorbidities and increase quality of life.
Int. J. Environ. Res. Public Health 2020, 17, 594 8 of 10
Author Contributions: Writing—original draft, S.S.C.; writing—review and editing, L.S., A.D.S. and G.F.L.S.
All authors have read and agreed to the published version of the manuscript.
Funding: The researcher Sheila Sánchez Castillo is funded by the Seneca Foundation-Agency for Science and
Technology of the Region of Murcia, Spain. Grant number: 20773/FPI/18.
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.
References
1. Global Initiative for Chronic Obstructive Lung Disease. Poket Guide to COPD Diagnosis, Management, and
Prevention. A Guide for Health Care Professionals. pp. 1–49. 2019. Available online: https://goldcopd.org/wp-
content/uploads/2018/11/GOLD-2019-POCKET-GUIDE-FINAL_WMS.pdf (accessed on 10 September 2019).
2. Gómez Sáenz, J.T.; Quintano Jiménez, J.A.; Hidalgo Requena, A.; González Béjar, M.; Gérez Callejas, M.J.;
Zangróniz Uruñuela, M.R.; Moreno Vilaseca, A.; Hernández García, R. Enfermedad Pulmonar Obstructiva
Crónica: Morbimortalidad e Impacto Sanitario. Semergen 2014, 40, 198–204. [CrossRef]
3. Murray, C.J.; Lopez, A.D. Global Mortality, Disability, and the Contribution of Risk Factors: Global Burden
of Disease Study. Lancet 1997, 349, 1436–1442. [CrossRef]
4. World Health Organization. Global Health Risks. In Mortality and Burden of Disease Attributable to Selected
Major Risks; WHO Press: Geneva, Switzerland, 2009; pp. 1–62.
5. Miravitlles, M.; Soriano, J.B.; García-Río, F.; Muñoz, L.; Duran-Tauleria, E.; Sanchez, G.; Sobradillo, V.;
Ancochea, J. Prevalence of COPD in Spain: Impact of Undiagnosed COPD on Quality of Life and Daily Life
Activities. Thorax 2009, 64, 863–868. [CrossRef]
6. Miravitlles, M.; Soler-Cataluña, J.J.; Calle, M.; Molina, J.; Almagro, P.; Quintano, J.A.; Riesco, J.A.;
Trigueros, J.A.; Piñera, P.; Simón, A.; et al. Guía Española de La EPOC (GesEPOC). Actualización 2014.
Arch. Bronconeumol. 2014, 50, 1–16. [CrossRef]
7. Franssen, F.M.E.; Rochester, C.L. Comorbidities in Patients with COPD and Pulmonary Rehabilitation: Do
They Matter? Eur. Respir. Rev. 2014, 23, 131–141. [CrossRef] [PubMed]
8. Mannino, D.M.; Thorn, D.; Swensen, A.; Holguin, F. Prevalence and Outcomes of Diabetes, Hypertension
and Cardiovascular Disease in COPD. Eur. Respir. J. 2008, 32, 962–969. [CrossRef] [PubMed]
9. Barnes, P.J.; Celli, B.R. Systemic Manifestations and Comorbidities of COPD. Eur Respir. J. 2009, 30, 1165–1185.
[CrossRef] [PubMed]
10. Sievi, N.A.; Senn, O.; Brack, T.; Brutsche, M.H.; Frey, M.; Irani, S.; Leuppi, J.D.; Thurnheer, R.; Franzen, D.;
Kohler, M.; et al. Impact of Comorbidities on Physical Activity in COPD. Respirology 2015, 20, 413–418.
[CrossRef] [PubMed]
11. Graham Barr, R.; Celli, B.R.; Mannino, D.M.; Petty, T.; Rennard, S.I.; Sciurba, F.C.; Stoller, J.K.;
Thomashow, B.M.; Turino, G.M.; Barr, G. Comorbidities, Patient Knowledge, and Disease Management in a
National Sample of Patients with Chronic Obstructive Pulmonary Disease. Am. J. Med. 2009, 122, 348–355.
[CrossRef] [PubMed]
12. Haskell, W.L.; Lee, I.-M.; Pate, R.R.; Powell, K.E.; Blair, S.N.; Franklin, B.A.; Bauman, A. Physical Activity
and Public Health: Updated Recommendation for Adults From the American College of Sports Medicine
and the American Heart Association. Circulation 2007, 116, 1081–1093. [CrossRef] [PubMed]
13. Warburton, D.E.R.; Nicol, C.W.; Bredin, S.S.D. Health Benefits of Physical Activity: The Evidence. CMAJ
2006, 174, 801–809. [CrossRef] [PubMed]
14. Troosters, T.; van der Molen, T.; Polkey, M.; Rabinovich, R.A.; Vogiatzis, I.; Weisman, I.; Kulich, K. Improving
Physical Activity in COPD: Towards a New Paradigm. Respir. Res. 2013, 14, 115. [CrossRef] [PubMed]
15. Sánchez Castillo, S.; Smith, L.; Díaz Suárez, A.; López Sánchez, G.F. Physical Activity Behaviour in People
with COPD Residing in Spain: A Cross-Sectional Analysis. Lung 2019, 197, 769–775. [CrossRef] [PubMed]
16. Van Helvoort, H.A.; Willems, L.M.; Dekhuijzen, P.R.; van Hees, H.W.; Heijdra, Y.F. Respiratory Constraints
during Activities in Daily Life and the Impact on Health Status in Patients with Early-Stage COPD:
A Cross-Sectional Study. NPJ Prim. Care Respir. Med. 2016, 26, 16054. [CrossRef] [PubMed]
17. Van Remoortel, H.; Hornikx, M.; Demeyer, H.; Langer, D.; Burtin, C.; Decramer, M.; Gosselink, R.; Janssens, W.;
Troosters, T. Daily Physical Activity in Subjects with Newly Diagnosed COPD. Thorax 2013, 68, 962–963. [CrossRef]
Int. J. Environ. Res. Public Health 2020, 17, 594 9 of 10
18. Garcia-Aymerich, J.; Lange, P.; Benet, M.; Schnohr, P.; Antó, J.M. Regular Physical Activity Reduces Hospital
Admission and Mortality in Chronic Obstructive Pulmonary Disease: A Population Based Cohort Study.
Thorax 2006, 61, 772–778. [CrossRef]
19. Garcia-Rio, F.; Rojo, B.; Casitas, R.; Lores, V.; Madero, R.; Romero, D.; Galera, R.; Villasante, C. Prognostic
Value of the Objective Measurement of Daily Physical Activity in Patients with COPD. Chest 2012, 142,
338–346. [CrossRef]
20. Waschki, B.; Kirsten, A.; Holz, O.; Müller, K.-C.; Meyer, T.; Watz, H.; Magnussen, H. Physical Activity Is the
Strongest Predictor of All-Cause Mortality in Patients With COPD. Chest 2011, 140, 331–342. [CrossRef]
21. Gimeno-Santos, E.; Frei, A.; Steurer-Stey, C.; De Batlle, J.; Rabinovich, R.A.; Raste, Y.; Hopkinson, N.S.;
Polkey, M.I.; Van Remoortel, H.; Troosters, T.; et al. Determinants and Outcomes of Physical Activity in
Patients with COPD: A Systematic Review. Thorax 2014, 69, 731–739. [CrossRef]
22. Miller, J.; Edwards, L.D.; Agustí, A.; Calverley, M.A.; Celli, B.; Coxson, H.O.; Crim, C.; Lomas, D.A.;
Miller, B.E.; Rennard, S.; et al. Comorbidity, Systemic Inflammation and Outcomes in the ECLIPSE Cohort
Cardiovascular Disease; Chronic Obstructive. Respir. Med. 2013, 107, 1376–1384. [CrossRef]
23. Cebollero, P.; Antón, M.; Hernández, M.; Hueto, J. Walking Program for Copd Patients: Clinical Impact After
Two Years of Follow-Up. Arch. Bronconeumol. 2018, 54, 439–440. [CrossRef] [PubMed]
24. Garcia-Aymerich, J.; Farrero, E.; Félez, M.A.; Izquierdo, J.; Marrades, R.M.; Antó, J.M. Risk Factors of Readmission
to Hospital for a COPD Exacerbation: A Prospective Study. Thorax 2003, 58, 100–105. [CrossRef] [PubMed]
25. Garcia-Aymerich, J.; Gómez, F.P.; Antó, J.M. Caracterización Fenotípica y Evolución de La EPOC En El
Estudio PAC-COPD: Diseño y Metodología. Arch. Bronconeumol. 2009, 45, 4–11. [CrossRef] [PubMed]
26. Benzo, R.P.; Chang, C.-C.H.; Farrell, M.H.; Kaplan, R.; Ries, A.; Martinez, F.J.; Wise, R.; Make, B.; Sciurba, F.
Physical Activity, Health Status and Risk of Hospitalization in Patients with Severe Chronic Obstructive
Pulmonary Disease. Respiration 2010, 80, 10–18. [CrossRef] [PubMed]
27. Lores, V.; García-Río, F.; Rojo, B.; Alcolea, S.; Mediano, O. Registro de La Actividad Física Cotidiana Mediante
Un Acelerómetro En Pacientes Con EPOC. Análisis de Concordancia y Reproducibilidad. Arch. Bronconeumol.
2006, 42, 627–632. [CrossRef] [PubMed]
28. Marín Royo, M.; Pellicer Císcar, C.; González Villaescusa, C.; Bueso Fabra, M.J.; Aguar Benito, C.; Andreu
Rodríguez, A.L.; Herrejón Silvestre, A.; Soler Cataluña, J.J. Actividad Física y Su Relación Con El Estado de
Salud En Pacientes EPOC Estables. Arch. Bronconeumol. 2011, 47, 335–342. [CrossRef] [PubMed]
29. STROBE Statement: Home. Available online: https://www.strobe-statement.org/index.php?id=strobe-home
(accessed on 28 November 2019).
30. Ministerio de Sanidad, Consumo y Biniestar Social; Instituto Nacional de Estadística. Encuesta Nacional
de Salud 2017 ENSE 2017: Metodología. 2017. Available online: https://www.mscbs.gob.es/estadEstudios/
estadisticas/encuestaNacional/encuestaNac2017/ENSE17_Metodologia.pdf (accessed on 5 October 2019).
31. IPAQ Group. Guidelines for Data Processing and Analysis of the International Physical Activity Questionnaire
(IPAQ). 2005. Available online: https://sites.google.com/site/theipaq/ (accessed on 5 October 2019).
32. Craig, C.L.; Marshall, A.L.; Sjöström, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.;
Yngve, A.; Sallis, J.F.; et al. International Physical Activity Questionnaire: 12-Country Reliability and Validity.
Med. Sci. Sport. Exerc 2003, 35, 1381–1395. [CrossRef]
33. Roman-Viñas, B.; Serra-Majem, L.; Hagströmer, M.; Ribas-Barba, L.; Sjöström, M.; Segura-Cardona, R.
International Physical Activity Questionnaire: Reliability and Validity in a Spanish Population. Eur. J. Sport
Sci. 2010, 10, 297–304. [CrossRef]
34. Divo, M.; Cote, C.; de Torres, J.P.; Casanova, C.; Marin, J.M.; Pinto-Plata, V.; Zulueta, J.; Cabrera, C.; Zagaceta, J.;
Hunninghake, G.; et al. Comorbidities and Risk of Mortality in Patients with Chronic Obstructive Pulmonary
Disease. Am. J. Respir. Crit. Care Med. 2012, 186, 155–161. [CrossRef]
35. Decramer, M.; Rennard, S.; Troosters, T.; Mapel, D.W.; Giardino, N.; Mannino, D.; Wouters, E.; Sethi, S.;
Cooper, C.B. COPD as a Lung Disease with Systemic Consequences—Clinical Impact, Mechanisms, and
Potential for Early Intervention. COPD J. Chronic. Obstr. Pulm. Dis. 2008, 5, 235–256. [CrossRef]
36. ICD-11-Mortality and Morbidity Statistics. Available online: https://icd.who.int/browse11/l-m/en (accessed
on 11 November 2019).
37. Cheng, S.W.M.; McKeough, Z.; Alison, J.; Dennis, S.; Hamer, M.; Stamatakis, E. Associations of Total and
Type-Specific Physical Activity with Mortality in Chronic Obstructive Pulmonary Disease: A Population-Based
Cohort Study. BMC Public Health 2018, 18, 1–11. [CrossRef] [PubMed]
Int. J. Environ. Res. Public Health 2020, 17, 594 10 of 10
38. Garcia-Aymerich, J.; Lange, P.; Benet, M.; Schnohr, P.; Antó, J.M. Regular Physical Activity Modifies
Smoking-Related Lung Function Decline and Reduces Risk of Chronic Obstructive Pulmonary Disease:
A Population-Based Cohort Study. Am. J. Respir. Crit. Care Med. 2007, 175, 458–463. [CrossRef] [PubMed]
39. Bikov, A.; Horváth, A.; Tomisa, G.; Bártfar, L.; Vártfai, Z. Changes in the Burden of Comorbidities in Patients
with COPD and Asthma-COPD Overlap According to the GOLD 2017 Recommendations. Lung 2018, 196,
597–599. [CrossRef] [PubMed]
40. Yu, T.; ter Riet, G.; Puhan, M.A.; Frei, A. Physical Activity and Risk of Comorbidities in Patients with Chronic
Obstructive Pulmonary Disease: A Cohort Study. NPJ Prim. Care Respir. Med. 2017, 27, 36. [CrossRef] [PubMed]
41. Danforth, K.N.; Shah, A.D.; Townsend, M.K.; Lifford, K.L.; Curhan, G.C.; Resnick, N.M.; Grodstein, F.
Physical Activity and Urinary Incontinence among Healthy, Older Women. Obstet. Gynecol. 2007, 109,
721–727. [CrossRef] [PubMed]
42. De Schryver, A.M.; Keulemans, Y.C.; Peters, H.P.; Akkermans, L.M.; Smout, A.J.; De Vries, W.R.; Van
Berge-Henegouwen, G.P. Effects of Regular Physical Activity on Defecation Pattern in Middle-Aged Patients
Complaining of Chronic Constipation. Scand. J. Gastroenterol. 2005, 40, 422–429. [CrossRef] [PubMed]
43. López-Sánchez, G.F.; Pardhan, S.; Trott, M.; Sánchez-Castillo, S.; Jackson, S.E.; Trully, M.; Gorely, T.;
López-Bueno, R.; Veronese, N.; Skalsa, M.; et al. The association between physical activity and cataract
among 1711 older adults residing in Spain. In Proceedings of the 15th International Congress of the European
Geriatric Medicine Society, Krakow, Poland, 25–27 September 2019; Volume 10, p. 1. [CrossRef]
44. Alzahrani, H.; Mackey, M.; Stamatakis, E.; Zadro, J.R.; Shirley, D. The Association between Physical Activity
and Low Back Pain: A Systematic Review and Meta-Analysis of Observational Studies. Sci. Rep. 2019, 9,
1–10. [CrossRef]
45. Hansel, N.N.; McCormack, M.C.; Kim, V. The effects of air pollurion and temperature on COPD. COPD 2016,
13, 372–379. [CrossRef]
46. Dorion, D.; de Hoogh, K.; Probst-Hensch, N.; Fortier, I.; Cai, Y.; De Matteis, S.; Hansell, A.L. Air pollution,
lung function and COPD: results from the population-based UK Bionak study. Eur. Respir. J. 2019, 54,
1804120. [CrossRef]
47. Diagnostic Pathology Mineral Fibers—Fine Particulare. Available online: http://www.diagnosticpathology.
eu/content/pages/_minfib/minfib_abc.html (accessed on 4 January 2020).
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
